Hyperosmotic stress induces rapid focal adhesion kinase phosphorylation at tyrosines 397 and 577. Role of Src family kinases and Rho family GTPases.
Hyperosmotic stress induced by treatment of Swiss 3T3 cells with the non-permeant solutes sucrose or sorbitol, rapidly and robustly stimulated endogenous focal adhesion kinase (FAK) phosphorylation at Tyr-397, the major autophosphorylation site, and at Tyr-577, within the kinase activation loop. Hyperosmotic stress-stimulated FAK phosphorylation at Tyr-397 occurred via a Src-independent pathway, whereas Tyr-577 phosphorylation was completely blocked by exposure to the Src family kinase inhibitor PP-2. Inhibition of p38 MAP kinase or phosphatidylinositol 3-kinases did not prevent FAK phosphorylation stimulated by hyperosmotic stress. Overexpression of N17 RhoA did not reduce hyperosmotic stress-mediated localization of phosphorylated FAK to focal contacts and treatment with the Rho-associated kinase inhibitor Y-27632 did not prevent FAK translocation and tyrosine phosphorylation in response to hyperosmotic stress. Overexpression of N17 Rac only slightly altered the hyperosmotic stress-mediated localization of phosphorylated FAK to focal contacts. In contrast, overexpression of the N17 mutant of Cdc42 disrupted hyperosmotic stress-stimulated FAK Tyr-397 localization to focal contacts. Additionally, treatment of cells with Clostridium difficile toxin B potently inhibited hyperosmotic stress-induced FAK tyrosine phosphorylation. Furthermore, FAK null fibroblasts compared with their FAK containing controls show markedly increased sensitivity, manifest by subsequent apoptosis, to sustained hyperosmotic stress. Our results indicate that FAK plays a fundamental role in protecting cells from hyperosmotic stress, and that the pathway(s) that mediates FAK autophosphorylation at Tyr-397 in response to osmotic stress can be distinguished from the pathways utilized by many other stimuli, including neuropeptides and bioactive lipids (Rho- and Rho-associated kinase-dependent), tyrosine kinase receptor agonists (phosphatidylinositol 3-kinase-dependent), and integrins (Src-dependent).